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(57) ABSTRACT 

A method for treating a gas containing a S0 3 component, 
which comprises adding a sodium carbonate powder having 
a mean particle diameter of at most 20 fxm to the gas to 
remove the S0 3 component from the gas. 
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METHOD FOR TREATING A GAS 

[0001] The present invention relates to a method for 
treating a gas to neutralize a S0 3 component contained in 
e.g. a gas generated by combustion of a fuel containing a 
sulfur content by e.g. a boiler, inexpensively, efficiently, 
simply and safely without using a large scale installation. 

[0002] When a fuel containing a sulfur content represented 
by heavy oil, coal or coke, is burned, or when a raw material 
containing sulfur, such as an iron ore, is burned, S0 3 or 
H 2 S0 4 will be contained in the exhaust gas, thus causing 
corrosion of an apparatus or air pollution. S0 3 or H 2 S0 4 will 
react with water vapor contained in the exhaust gas to form 
a sulfuric acid mist, which causes a white smoke, a purple 
smoke, a brown smoke or a black smoke (hereinafter 
referred to as a purple smoke, as a general term including a 
hardly extinguishable white smoke). The sulfuric acid mist 
which turns into such a purple smoke, will present a damage 
to a human body or an animal or plant at the falling site. 
Further, the ash dust deposited in a flue, etc., is likely to be 
discharged as acid smut containing sulfuric acid substan- 
tially due to e.g. a load change, thus leading to a problem of 
deteriorating the environment in the form of an acid dustfall. 

[0003] Accordingly, in order to remove S0 3 , HjSC^ and a 
sulfuric acid mist (in this specification, these may generally 
be referred to as a S0 3 component), a method has heretofore 
been employed wherein a slurry having e.g. an oxide or 
hydroxide of calcium or magnesium dispersed in an organic 
solvent, is preliminarily added to the fuel to prevent forma- 
tion of the S0 3 component, or wherein such a slurry is added 
to a gas after the combustion to neutralize the S0 3 compo- 
nent. However, with such methods, the additives are likely 
to deposit on a heat exchanger in the boiler, and when a large 
amount of the additives deposit thereon, the operation of the 
boiler will be hindered, and accordingly, it is difficult to use 
the additives in a large amount. 

[0004] Further, to actively neutralize S0 3 in a flue, a 
method has been employed wherein a powder of e.g. cal- 
cium hydroxide, magnesium oxide or magnesium hydroxide 
or a slurry having such a powder dispersed in water, is 
injected to the flue after the exhaust gas has passed through 
an air preheater. However, in the case where the powder 
itself is injected by this method, as the fine powder poor in 
flowability is injected by means of e.g. a screw feeder, 
volumetric feeding will be poor, and no stable effect is likely 
to be obtainable. Further, such a powder is likely to agglom- 
erate, and it is hardly uniformly dispersible and its effect as 
a neutralizing agent is low. Furthermore, in the case of 
injecting it in the form of a slurry, the powder contained in 
the slurry is likely to deposit on and clog the transportation 
line for injecting the slurry, whereby it is difficult to use it 
stably at a constant amount. 

[0005] Further, in the case of using e.g. magnesium oxide, 
since magnesium oxide has a low reaction efficiency, it is 
necessary to add an excessive amount of a magnesium oxide 
powder. In such a case, unreacted magnesium oxide will 
remain in the flue, and the magnesium oxide may cause 
problems in dumping, since magnesium oxide has a tow 
solubility in water. Further, it is difficult to keep the amount 
of injection to be constant, since the powder is fine and has 
a poor flowability. 

[0006] On the other hand, a method of injecting ammonia 
to the flue, may be mentioned. However, there are restric- 



tions relating to handling of e.g. a high-pressure gas and 
problems relating to the storage temperature, and further, an 
additional large scale installation is required. Further, when 
the S0 3 component is removed by ammonia, if an adequate 
injection amount is not maintained, an ammonium hydrogen 
sulfate will form. If the ammonium hydrogen sulfate is 
deposited on the apparatus, it will cause a trouble. Accord- 
ingly, ammonia is required to be injected excessively, and if 
the excessive ammonia is released in the atmospheric air, 
such will be problematic from the viewpoint of the envi- 
ronment safety. 

[0007] Further, it is required to remove a S0 3 component 
also in the treatment of an exhaust gas of combustion of a 
waste liquid, a waste oil, a waste gas or a solid waste in e.g. 
steel manufacturing, iron manufacturing, nonferrous metal 
refining, glass melting, manufacturing of sulfuric acid or 
manufacturing surfactant, and an efficient and safe neutral- 
izing treatment method for the S0 3 component, is desired. 

[0008] It is an object of the present invention to provide a 
method for removing a S0 3 component from a gas contain- 
ing the S0 3 component, efficiently, simply and safely. 

[0009] The present invention provides a method for treat- 
ing a gas containing a S0 3 component, which comprises 
adding a sodium carbonate powder having a mean particle 
diameter of at most 20 to the gas to remove the S0 3 
component from the gas. 

[0010] In the accompanying drawing, FIG. 1 is a flow 
chart showing a method for treating an exhaust gas from the 
combustion by a boiler. 

[0011] Now, the present invention will be described in 
detail with reference to the preferred embodiments. 

[0012] In the present invention, when the sodium carbon- 
ate powder is added as sprayed and dispersed in a gas at the 
dew point or higher of the acid (the S0 3 component), it 
captures the gaseous S0 3 component mainly by a diffusion 
mechanism and neutralizes and removes such a component. 

[0013] In the present invention, the mean particle diameter 
of the sodium carbonate powder is at most 20 /mi, preferably 
at most 15 /«n, particularly preferably at most 10 fxm. 
Sodium carbonate having a mean particle diameter of at 
most 20 /an has a high reactivity with the S0 3 component, 
since the specific surface area of the particles themselves is 
large. The smaller the mean particle diameter of sodium 
carbonate, the better, since the reaction with the S0 3 com- 
ponent is quick, and its lower limit is not particularly limited 
from the viewpoint of the effect for removing the S0 3 
component, but it is preferably at least 1 pirn from the 
viewpoint of the cost required for pulverization of the 
powder and difficulty in handling of a fine powder. Further, 
to sodium carbonate, sodium hydrogencarbonate may be 
mixed for use. 

[0014] In the present invention, it is preferred to increase 
the specific surface area of sodium carbonate in order to 
increase the reaction rate with the S0 3 component. For this 
purpose, a method of increasing the specific surface area by 
finely pulverizing sodium carbonate, may be employed. 
Further, if sodium hydrogencarbonate is calcinated, it will 
turn into porous sodium carbonate so-called light ash, while 
its shape is substantially maintained. It is preferred to use 
such light ash, since it is effective for the reaction with the 
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gas, as its specific surface area is larger than the one simply 
pulverized to have the same mean particle diameter. Further, 
in such a case, it is preferred for the prevention of global 
warming to recover carbon dioxide gas which is generated 
at the time of baking sodium hydrogencarbonate. 

[0015] On the other hand, sodium carbonate which is 
usually called dense ash, is one obtained by baking sodium 
carbonate monohydrate and is not porous like the above- 
mentioned light ash, and its specific surface area is small. 
When comparison is made with respect to the specific 
surface area, in the case of products manufactured by 
ASAHI GLASS CO., LTD, for example, a light ash having 
a mean particle diameter of 7 fan has a specific surface area 
of 2.7 m 2 /g, whereas a dense ash having a mean particle 
diameter of 6 pan has a specific surface area of 1.1 m 2 /g. The 
light ash is bulky as a powder as compared with the dense 
ash. However, if pulverized to have a mean particle diameter 
of at most 20 //m, the dense ash may also suitably be used 
for the process of the present invention although the per- 
formance may be poor to some extent as compared with the 
light ash. Sodium carbonate is usually available in the form 
of a dense ash, and the dense ash has merits in that it is 
inexpensive and readily available. 

[0016] In the present invention, potassium carbonate may 
also be used instead of sodium carbonate. Potassium car- 
bonate may also be obtained by baking potassium hydro- 
gencarbonate in the same manner as sodium carbonate. 
However, as compared with sodium carbonate, it will be 
industrially of high costs. Potassium carbonate is useful, for 
example, in a case where it is desired to avoid contamination 
of sodium, for example, in a case where a gas is to be 
purified. 

[0017] The sodium carbonate powder to be added into a 
gas to be treated, preferably has an angle of repose of at most 
65°, particularly preferably at most 60°, as a powder char- 
acteristic value. A sodium carbonate powder having an angle 
of repose within this range, is excellent in flowability and 
can, for example, maintain a good condition of spraying in 
a case where it is sprayed into a flue, and further, discharge 
from a storage tank or air transportation is, for example, 
easy, whereby it efficiently reacts with S0 3 . Therefore, the 
spray amount of sodium carbonate can be reduced, and 
handling as a powder will be easy. The angle of repose of the 
sodium carbonate powder in this specification, means an 
angle of repose of the entire powder (the mixture) to be 
added to the gas after adding an a nti -caking agent or coarse 
particles to sodium carbonate, as will be described herein- 
after. 

[0018] The sodium carbonate powder is preferably added 
in an amount of from 0.5 to 8 mols, particularly preferably 
from 2 to 5 mols, per mol of the S0 3 component contained 
in the gas. If the amount to be added is less than OS mol, the 
S0 3 component may not adequately be removed, and the 
effect for removing a purple smoke tends to be inadequate. 
Further, if the amount exceeds 8 mols, such is unnecessary 
from the viewpoint of the efficiency for removing the S0 3 
component, and such is waste from the viewpoint of costs. 

[0019] In the present invention, it is possible to remove the 
S0 3 component selectively from a gas containing a small 
amount of S0 3 at a level of 20 vol. ppm in a gas containing 
a high concentration of S0 2 exceeding 500 vol. ppm or even 
exceeding 1000 vol. ppm. 



[0020] In the present invention, sodium carbonate is used, 
and as compared with ammonia which is regulated as a 
poisonous and deleterious substance and restricted in its 
handling as a high pressure gas or sodium hydroxide which 
is a deleterious substance, a worker can safely handle 
sodium carbonate. Further, the application can be carried out 
easily by a simple spray device sucb as an ejector, and no 
expensive capital investment is required for the application. 
In the method of the present invention, the S0 3 component 
is removed by neutralization in the same manner as the 
conventional method of injecting ammonia, and accord- 
ingly, it can readily be substituted. 

[0021] In the present invention, it is preferred to mix an 
anti-caking agent to sodium carbonate and add the mixture 
into the gas in order to efficiently remove the S0 3 compo- 
nent in the gas. With sodium carbonate, by the presence of 
the very small amount of moisture, the particles are likely to 
agglomerate and cake, whereby the flowability tends to be 
poor. Accordingly, if it is stored in a state pulverized to a 
mean particle diameter is 20 pan or less, it is likely to cake 
during the storage, or dispersibility at the time of use tends 
to be low. The anti-caking agent will deposit on the surface 
of the sodium carbonate particles and will be present 
between sodium carbonate particles, whereby an effect for 
preventing agglomeration and caking of the particles of 
sodium carbonate to one another will be obtained. Accord- 
ingly, by adding an anti-caking agent to sodium carbonate, 
it is possible to suppress agglomeration of sodium carbonate 
and to maintain high flowability of sodium carbonate, and 
fine powder of sodium carbonate can be well dispersed in the 
gas, whereby a high reaction efficiency e.g. a high removal 
effect of the S0 3 component can be maintained. 

[0022] In the present invention, the anti-caking agent is 
preferably added in an amount of from 0.1 to 5.0 mass %, 
particularly preferably from 0.3 to 2.0 mass %, based on 
sodium carbonate. If the amount is less than 0.1 mass %, the 
effect for improving the flowability of sodium carbonate 
tends to be low, such being undesirable. If the amount 
exceeds 5.0 mass %, the cost increases without no further 
increase in effects, such being undesirable. 

[0023] In the present invention, the mean particle diameter 
of the anti-caking agent is preferably from 0.005 to 5.0 ium, 
particularly preferably from 0.005 to 2.0 ^m. If the mean 
particle diameter of the anti-caking agent is less than 0.005 
fim> the anti-caking effect will not increase, and such a 
product will not be available as an inexpensive industrial 
product, sucb being undesirable. On the other hand, if the 
mean particle diameter, exceeds 5.0 fan, even if the same 
mass proportion is added as in the case of the fine particles, 
the anti-caking effect decreases, since the number of par- 
ticles of the anti-caking agent is small. 

[0024] As the anti-caking agent, an agent commonly 
known as a material to be added for the purpose of improv- 
ing flowability or anti-caking of a powder, such as magne- 
sium carbide, silica, alumina, aluminosilicate, artificial or 
natural zeolite, a stearate or talc, may be employed, and a 
plurality of materials may be used as mixed. Among them, 
silica is preferred, and particularly preferred is fumed silica 
from the viewpoint of fineness of the mean particle diameter, 
the anti-caking effect and availability. Further, zeolite may 
also be preferably used, and it is also preferred to use fumed 
silica and zeolite in combination. 
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[0025] When fumed silica is used, depending upon the 
position for injection of sodium carbonate of the apparatus, 
hydrophilic fumed silica excellent in dispersibility in water, 
is preferred. In general, filmed silica has hydrophilicity 
unless it is treated for hydrophobicity. Even hydrophobic 
fumed silica has an effect for improving flowability of 
sodium carbonate. However, for example, in the boiler, 
when sodium carbonate and hydrophobic fumed silica are 
added at an upstream of an exhaust gas desulfurizer, the 
hydrophobic fumed silica is likely to agglomerate in an 
absorption tower of the exhaust gas desulfurizer to form a 
membrane at the gas-liquid interface, and by the influence of 
the membrane, the interior of the apparatus will be full of 
bubbles. Consequently, the bubbles flow out into a flue, and 
the flow pressure of gas in the absorption tower tends to 
increase, and the operation tends to be hardly continued, 
such being undesirable. However, in a case where an elec- 
trostatic precipitator is installed between the exhaust gas 
desulfurizer and the position at which sodium carbonate and 
the anti-caking agent are added, a trouble such as the 
above-mentioned bubbles will not result, and the anti-caking 
agent can be used irrespective of being hydrophobic or 
hydrophilic. 

[0026] Other than this, flowability can also be imparted by 
adding coarse particles to a sodium carbonate powder hav- 
ing a mean particle diameter of at most 20 ftm in an amount 
of from 10 to 50 mass %' based on the powder. If the amount 
is less than 10 mass %, the effect for improving the flowabil- 
ity tends to be low, such being undesirable. If it exceeds 50 
mass %, the proportion of the coarse particles tends to be 
high, whereby the amount of the sodium carbonate powder 
decreases, and the treating ability tends to decrease, such 
being undesirable. Here, the coarse particles are specifically 
a sodium carbonate powder having a mean particle diameter 
of more than 20 fan, preferably at least 50 /im, and a 
common commercial product can be used. Further, the 
coarse particles may be a sodium hydrogencarbonate pow- 
der. In the case of sodium hydrogencarbonate coarse par- 
ticles, after injected into a flue, the coarse particles will be 
thermally calcinated to form sodium carbonate. 

[0027] As a method for preventing deterioration of 
flowability due to agglomeration and solidification of 
sodium carbonate particles, in addition to the above-men- 
tioned method of adding an anti-caking agent, a method of 
maintaining a dried state may be mentioned as a storage 
method after pulverization. Specifically, it is preferred to add 
a drying agent at the time of storage or to use, as a packaging 
material, a commercially available dampproofing packaging 
material. As the drying agent, a substance which is com- 
monly known as a drying agent and which is not reactive 
with sodium carbonate, such as zeolite, silica gel, etc. may 
preferably be employed. Further, it is more preferred to use 
a dampproofing bag as a packaging material to store sodium 
carbonate with a view to maintaining the effect of adding the 
anti-caking agent. Here, the dampproofing material bag is 
meant for a bag made of a packaging material having a 
moisture permeability of not more than 5 g/m 2 /day at 40° C, 
as stipulated by J1S-Z0208. 

[0028] In the present invention, a powder of sodium 
carbonate is added into a gas, preferably together with an 
anti-caking agent and/or coarse particles, whereby as is 
different from a case where a slurry having a powder 
dispersed, is used, the solid is free from precipitation and 



thus is easy to handle. Further, in a case where an anti-caking 
agent or coarse particles are added, the flowability is excel- 
lent by the action thereof, whereby the apparatus is free from 
clogging, sodium carbonate can be constantly injected, and 
the S0 3 component can be removed by accurate neutraliza- 
tion constantly. Further, it is supplied in a dry state i.e. not 
in the form of an aqueous solution, whereby the installation 
is free from a problem of corrosion, etc., and the equipment 
management and its operation is easy, and a stabilized 
operation can be maintained. 

[0029] In the present invention, at the time of treating the 
gas, sodium carbonate is pulverized by a dry type pulverizer 
to a mean particle diameter of at most 20 /an and can be 
directly added into the gas containing the S0 3 component in 
a state as dispersed in the draft which generated by pulver- 
izer. Sodium carbonate before pulverization preferably has a 
mean particle diameter of from 0.05 to 0.5 mm. If the mean 
particle diameter is less than 0.05 mm, stabilized supply to 
the pulverizer tends to be difficult, such being undesirable, 
and if it exceeds 0.5 mm, the exorbitance pulverizer is 
required for pulverization to the mean particle diameter of at 
most 20 /im, such being undesirable. Further, sodium car- 
bonate before pulverization preferably has an angle of 
repose of at most 55°, particularly preferably at most 50°. If 
the angle of repose exceeds 55°, stabilized supply to the 
pulverizer tends to be difficult, such being undesirable. 

[0030] Further, with respect to the pulverizer, it is pre- 
ferred to employ a pulverizer integrated with a classifier in 
order to efficiently pulverize sodium carbonate. As such a 
classifier, a pneumatic classifier may, for example, be men- 
tioned. As a specific example of such a pulverizer, a high 
speed impact air classifying mill manufactured by 
Hosokawa Micron Corporation (tradename: ACM pulver- 
izer) can suitably be employed, since it is integrated with a 
dry type classifier. Further, the pulverization is preferably 
carried out to such an extent that the 90% diameter in the 
cumulative undersize distribution of the neutral izer is at 
most 50 fim, in order to secure a high reactivity. 

[0031] By this method wherein sodium carbonate is pul- 
verized by a dry system pulverizer and added into the gas, 
it is not necessary to store the pulverized sodium carbonate 
powder, whereby an anti-caking agent may not be added, but 
an addition of an anti-caking agent is more effective for 
prevention of agglomeration of sodium carbonate or for 
improvement of the dispersibility during spraying. 

[0032] Now, the method of the present invention will be 
described in detail with reference to FIG. 1 referring to a 
method for treating an exhaust gas formed by combustion of 
a fuel by a boiler, as an example. FIG. 1 is a flow chart 
showing the method for treating an exhaust gas formed by 
combustion in a boiler. 

[0033] A high temperature exhaust gas formed by com- 
bustion in a boiler 1 is sent through a first flue 6 to an air 
pre heater 2. Here, the exhaust gas is heat exchanged with air 
for combustion to be sent to the boiler 1, in order to improve 
the unit requirement of the fuel, whereby the temperature of 
the air for combustion is raised. Then, the exhaust gas is sent 
through a second flue 7 to an electrostatic precipitator 3, 
where a powder dust contained in the exhaust gas is removed 
by static electricity. Here, instead of the electrostatic pre- 
cipitator 3, a bag filter may be used, or the electrostatic 
precipitator 3 may be omitted depending upon the compo- 
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Dents contained in the exhaust gas. The exhaust gas passed 
through the electrostatic precipitator 3, is sent to a desulfu- 
rizer through a third flue 8, where S0 2 , etc. will be removed 
by e.g. a magnesium hydroxide slurry. Then, the exhaust gas 
is sent to a stack 5 through a fourth flue 9 and exhausted 
from the stack 5. 

[0034] Even if the exhaust gas containing the S0 3 com- 
ponent is, for example, at such a level of 20 vol. ppm as 
reduced to S0 3 concentration, a phenomenon will appear 
such that a purple smoke trails from the stack 5. The main 
cause is considered to be such that the S0 3 component 
contained in the exhaust gas will react with water vapor 
contained in the gas to form a sulfuric acid mist in the flue 
and in the desulfurizer 4. Accordingly, formation of the 
purple smoke can be prevented by removing the S0 3 com- 
ponent and the sulfuric acid mist by adding the sodium 
carbonate powder into the exhaust gas. 

[0035] In the above process, according to the present 
invention, the sodium carbonate powder is added into at 
least one flue between the first flue 6 to the fourth flue 9, and 
the flue to which the powder is added, is suitably selected 
depending upon the particular purpose. In the present inven- 
tion, it is intended to remove the S0 3 component, and it is 
preferred to add the sodium carbonate powder to an 
upstream flue of the desulfurizer 4, particularly preferably to 
the third flue 8. The interior of the third flue 8 is certainly 
maintained at a temperature of at least the dew point of S0 3 
or H 2 S0 4 contained in the gas, whereby the efficiency for 
removing the S0 3 component is higher than the fourth flue 
9. 

[0036] Now, the present invention will be described in 
further detail with reference to Examples. However, it 
should be understood that the present invention is by no 
means restricted to such specific Examples. 

EXAMPLES 

[0037] In the following Examples, the mean particle diam- 
eter and the 90% diameter (the particle diameter at 90% of 
cumulative undersize distribution) of sodium carbonate, the 
angle of repose, the dispersibility and the specific surface 
area were measured by the following methods. 

[0038] The mean particle diameter and the 90% diameter 
in the cumulative undersize distribution of sodium carbonate 
were measured by a laser diffraction scattering type particle 
size distribution measuring apparatus (tradename: 
Microtrack FRA9220, manufactured by Nikkiso Co., Ltd.), 
whereby by cumulation from the fine side based on the 
volume, the particle diameter corresponding to 50% was 
taken as the mean particle diameter, and the particle diam- 
eter corresponding to 90% was taken as the 90% diameter. 

[0039] The angle of repose was measured by using Pow- 
der Tester Model PT-D, manufactured by Hosokawa Micron 
Corporation. 

[0040] The measurement of the angle of repose is carried 
out, by subjecting the standard sieve having a diameter 80 
mm and a sieve opening of 710 pan to vibration and letting 
the sample pass through a funnel. And gently dropping the 
sieved sample from a funnel having an elevation of 160 mm 
onto a horizontal table having a diameter of 80 mm. The 
angle of repose is the angle between the horizontal and the 
slope of a heap (generatrix) of a conelike pile of the powder. 



Powders with relatively good flowability have a small angle 
of repose and reproducibility is also good. Powders which 
have a high adhesion tendency have a high angle of repose, 
and tend to have poor flowability. See Ralph L. Carr, Jr., 
"Evaluating Flow Properties of Solids" Chemical Engineer- 
ing Jan. 18 (1965), pp. 163-168.) 

[0041] The dispersibility is determined by dropping 10 g 
powder sample from a height of 61 cm at a stretch onto a 
watch glass having a diameter of 10 cm installed with the 
concave side down, as a percentage of the mass of the 
powder sample scattering outside the watch glass relative to 
the total mass of the dropped powder sample. This value is 
also related to the tendency of flooding. A powder which 
have a high numerical value of dispersibility tend to have 
high floodability. Further, to confirm the discharge state, 
with respect to this powder sample, the time (the discharge 
time) required for the discharge of all of 10 g of the powder 
sample, was measured in the same manner as the method for 
measuring the angle of repose. 

[0042] The specific surface area was measured by a BET 
simplified method (tradename: Rapid Surface Area Appara- 
tus S A- 1000) manufactured by Scientific Technology LTD. 

EXAMPLE 1 

[0043] A test was carried out by using an exhaust gas 
formed by combustion of a fuel by a real boiler of a power 
plant, to confirm the effect for removing the S0 3 component 
in the gas by an addition of sodium carbonate. 

[0044] Here, the wakeup of the installation was one hav- 
ing an electrostatic precipitator 3 and a second flue 7 
removed from FIG. 1, and sodium carbonate was injected 
into the third flue 8. 

[0045] Specifically, in the following process, the exhaust 
gas was treated in the third flue 8 between the air preheater 
2 and the desulfurizer 4. The waste gas treatment was carried 
out in such a manner that hydrophilic fumed silica having a 
mean particle diameter of 0.01 was added to a sodium 
carbonate powder having a mean particle diameter of 7 fxm> 
a specific surface area of 2.7 m 2 /g and an angle of repose of 
51° in an amount of 1.0 mass % based on the sodium 
carbonate powder, to obtain a mixture, which was added 
with agitating by air in an amount as identified in Table 1. 
The results are shown in Table 1 . 

[0046] Sodium carbonate used here, is one obtained by 
finely pulverizing light ash manufactured by AS AH I 
GLASS CO., LTD. (porous sodium carbonate obtained by 
calcinating sodium hydrogen carbonate formed in the course 
of a process for producing sodium carbonate by an ammonia 
soda process). Further, visual observation of a plume of a 
purple smoke caused by a sulfuric acid mist discharged from 
the stack 5 and quantitative analysis of the S0 3 component 
in the fourth flue 9, were carried out and evaluated. For the 
purpose of comparison, a case wherein no sodium carbonate 
powder was added, is disclosed in the Table. 

[0047] Further, the amount of sodium carbonate in the 
Table is represented by the mole ratio to the S0 3 component 
contained in the exhaust gas prior to being sent to the 
desulfurizer 4 (prior to the formation of a sulfuric acid mist 
in contact with steam). Further, the temperature of the gas in 
the third flue 8 between the air preheater 2 and the desulfu- 
rizer 4, was 158° C. 
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[0048] Process: A high temperature exhaust gas formed by 
combustion in the boiler was sent to the air preheater 2 
through the first flue 6 and beat-exchanged with the air for 
combustion. Then, the exhaust gas was sent to the desulfu- 
rizer 4 through the third flue 8, where SO^, etc. were 
removed by a magnesium hydroxide slurry. Then, it was sent 
to the stack 5 through the fourth flue 9 and discharged from 
the stack 5. 

[0049] The specifications of the boiler in operation and the 
exhaust gas composition were as follows. 

[0050] Specifications of the Boiler 

[0051] Type: Benson Boiler (forced once-through type 
boiler), amount of steam generation: 83 t/hr, temperature of 
the steam: 520° C, pressure of the steam: 13.7 MPa. 

[0052] Exhaust Gas Composition 

[0053] 0 2 : 4.5 vol %, S0 2 : 1400 vol. ppm, concentration 
of the S0 3 component reduced to S0 3 concentration: 17 vol. 
ppm. 



TABLE 1 



Amount of 


Analytical 






sodium 


value of the 




Plume 


carbonate 


S0 3 component Plume length 


concentration 


Nil 


17 ppm 


About 300 m 


(Standard) 


0.8 time by mol 


4 ppm 


About 200 m 


About a half of 


ratio 






the standard 


1.6 times by mol 


2 ppm 


Less than 10 m 


Hardly visible 


ratio 








3.2 times by mol 


1 ppm 


Not observed 


Not observed 


ratio 









[0054] Further, the behavior if S0 2 was recorded by a 
continuous automatic analyzer after the injected point of 
sodium carbonate in the third flue 8, whereby the concen- 
tration was always at a level of 1400 vol. ppm, and no 
change was observed. This indicates that the present inven- 
tion is effective as a method for selectively removing the 
SO s component from a gas wherein the S0 3 gas is contained 
in a small amount in the highly concentrated S0 2 gas. 

EXAMPLE 2 

[0055] The same test as in Example 1 was carried out on 
the same day in the same manner as in Example 1 except that 
sodium carbonate having a mean particle diameter of 6 /mi, 
a specific surface area of 1.1 m 2 /g and an angle of repose of 
50°, obtained by finely pulverizing dense ash manufactured 
by ASAHI GLASS CO., LTD, was used. The results are 
shown in Table 2. The behavior of S0 2 was recorded by a 
continuous automatic analyzer after the injected point of 
sodium carbonate in the second flue 7, whereby the concen- 
tration was always at a level of 1400 vol. ppm, and no 
change was observed. Although the effect was slightly lower 
than the results in Example 1, it was confirmed that the S0 3 
component can selectively be removed in a high concentra- 
tion of S0 2 , and this method is industrially useful. 



TABLE 2 



Amount of 


Analytical 






sodium 


value of the 




Plume 


carbonate 


S0 3 component Flume length 


concentration 


Nil 


17 ppm 


About 300 m 


(Standard) 


0.8 time by mol 


8 ppm 


About 250 m 


About 70% of 


ratio 




the standard 


1.6 times by mol 


3 ppm 


Less than 20 m 


Hardly visible 


ratio 








3.2 times by mol 


2 ppm 


Not observed 


Not observed 


ratio 









EXAMPLE 3 
Comparative Example 

[0056] A test was carried out in the same manner as in 
Example 1 except that sodium carbonate (light ash) having 
a mean particle diameter of 25 /on, an angle of repose of 49° 
and a specific surface area of 1.9 m 2 /g, was used instead of 
the sodium carbonate having a mean particle diameter of 7 
fim and an angle of repose of 50°. The results are shown in 
Table 3. Even if three times by mol ratio or higher was used 
as compared with Examples 1 and 2, the plume could not be 
extinguished. 



TABLE 3 



Amount of 


Analytical 






sodium 


value of the 




Plume 


carbonate 


S0 3 component Plume length 


concentration 


Nil 


17 ppm 


About 300 m 


(Standard) 


0.8 time by mol 


IS ppm 


About 300 m 


Substantially 


ratio 






no change 


1.6 times by mol 


10 ppm 


About 200 m 


About a half of 


ratio 






the standard 


3.2 times by mol 


8 ppm 


About 200 m 


About 30% of 


ratio 




the standard 



EXAMPLE 4 
Comparative Example 

[0057] To compare the difference in effects due to the 
difference in the injection mode of sodium carbonate, an 
aqueous solution containing 10 mass % of sodium carbonate 
was prepared, and instead of the sodium carbonate powder, 
such an aqueous solution was sprayed in the fourth flue 9 
(added in a state different from the powder state), and the 
state at that time was visually observed. The results are 
shown in Table 4. Even if five times by mol ratio or higher 
was used as compared with Examples 1 and 2, the plume 
could not be extinguished. 



TABLE 4 



Amount of 


Analytical 






sodium 


value of the 




Plume 


carbonate 


SO 3 component 


Plume length 


concentration 


Nil 


17 ppm 


About 30 0 m 


(Standard) 


3 times by mol 


12 ppm 


About 300 m 


About 70% of 


ratio 




the standard 


5 times by mol 


12 ppm 


About 300 m 


About 709b of 


ratio 




the standard 



EXAMPLE 5 

[0058] The following test was carried out to confirm the 
effect for improving the flow ability and dispersibility of the 
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sodium carbonate powder by the addition of an anti-caking 
agent or coarse particles and maintaining the dried state 
during the storage. 

[0059] With respect to one having nothing added to a 
sodium carbonate powder pulverized to a mean particle 
diameter of 7 ^m (sample 1), one having 1 mass % of 
hydrophilic fumed silica added as an anti-caking agent to 
sodium carbonate (sample 2), one having 20 mass % of 
coarse particles of sodium carbonate having a mean particle 
diameter of 105 fim added (sample 3), one having 20 mass 
% of coarse particles of sodium hydrogencarbonate having 
a mean particle diameter of 90 /mi added (sample 4) and one 
having 1 mass % of zeolite added as a drying agent and 
stored for ten days (sample 5), the powder characteristic 
values were evaluated respectively. 

[0060] As the above powder characteristic values, the 
angle of repose as an index of flowability and the dispersion 
degree as an index of dispersibility, were measured and 
evaluated. If the angle of repose exceeds 65°, the 5 fluidity 
tends to deteriorate, and the handling efficiency decreases 
such that discharge from the silo tends to be difficult. If the 
dispersion degree is less than 10%, the dispersing state when 
sprayed in the gas stream tends to deteriorate. The results are 
shown in Table 5. 



TABLE 5 



Additive 


Sample 1 


Sample 2 


Sample 3 


Sample 4 


Sample 5 


Angle of 


55 


51 


53 


53 


53 


repose (°) 












Dispersion 


12 


48 


15 


17 


20 


degree (%) 












Discharge 


150 


60 


100 


300 


80 


time (sec) 













[0061] In order to confirm the effect for improving the 
flowability and the dispersibility due to the method of 
maintaining the dried state during the storage (due to the 
difference of the packaging material), a case wherein sodium 
carbonate having 1 mass % of hydrophilic fumed silica 
added as an anti-caking agent, was stored in a common 
polyethylene packaging bag having no-dampproofing treat- 
ment applied (packaging bag 1), was compared with a case 
wherein it was packaged in a packaging bag having a 
dampproofing treatment applied by laminating aluminum on 
the outside of said polyethylene packaging bag (packaging 
bag 2) or in a packaging bag having a dampproofing 
treatment applied by coating vinylidene chloride (packaging 
bag 3). 

[0062] As shown in Table 6, 10 kg of each powder was 
packaged and stored in an atmosphere at a temperature of 
30° C. under a relative humidity of 80% for 30 days. Then, 
the powder characteristic values were measured. The results 
are shown in Table 6. It is evident that for the improvement 
of the flowability and dispersibility, it is effective to maintain 
the dried state by using a dampproofing bag. Here, the 
dampproofing bag is a packaging material having a mois- 
ture-permeability of at most 5 g/m 2 /day at 40° C, as 
stipulated in JIS-Z0208. 



TABLE 6 



1 mass % of hydrophilic 
Nil silica 



Anti-caking agent 


Packaging 


Packaging 


Packaging 


Packaging 


Packaging material 


bagl 


bagl 


bag 2 


bag 3 


Moisture permeability 


10 


10 


Less than 




<g/m 3 /day) 






05 




Angle of repose (*) 


67 


58 


52 


55 


Dispersion degree (%) 


4 


32 


46 


42 



EXAMPLE 6 
Comparative Example 

[0063] A test was carried out in the same manner as in 
Example 1 using sodium carbonate having a specific surface 
area of 2.7 m 2 /g, having the dispersion degree of Table 6 
lowered to 32% (1 mass % of hydrophilic fumed silica 
added; packaging bag 1 was used which is not a dampproof- 
ing bag). The results are shown in Table 7. It is evident that 
with sodium carbonate having moisture adsorbed and the 
dispersion degree decreased, the effect for preventing a 
purple smoke decreases even if the average particle diameter 
is 6 /nn. It is considered that this is attributable to the fact 
that the fine powder of sodium carbonate was injected into 
the gas to be remained in the agglomerated form, whereby 
it was not uniformly dispersed and sprayed in the gas. 



TABLE 7 



Amount of 


Analytical 






sodium 


value of the 




Plume 


carbonate 


S0 3 component Plume length 


concentration 


Nil 


17 ppm 


About 300 m 


(Standard) 


0.8 time by mol 


12 ppm 


About 300 m 


About 80% of 


ratio 




the standard 


1.6 times by mol 


8 ppm 


About 200 m 


About a half of 


ratio 




the standard 


3.2 times by mol 


6 ppm 


About 100 m 


About 30% of 


ratio 




the standard 



EXAMPLE 7 

[0064] The test was carried out in the same manner as in 
Example 1 except that in Example 1, porous sodium car- 
bonate was added as it was pulverized, instead of adding, 
with stirring by air, the mixture having 1.0 mass % of 
hydrophilic fumed silica having a mean particle diameter of 
0.01 fjtm added to the sodium carbonate powder having a 
mean particle diameter of 7 pm. 

[0065] At the time of addition of sodium carbonate, 
sodium carbonate having a mean particle diameter of 108 
/tin, an angle of repose of 45° and a specific surface area of 
1.1 m 2 /g (light ash manufactured by ASAHI GLASS CO., 
LTD) was pulverized to a mean particle diameter of 8.9 /^m 
and a particle diameter at 90% of cumulative undersize 
distribution is 28 /im, by a high speed impact air classifying 
mill integrated with a classifier (tradename: ACM Pulverizer 
60A, manufactured by Hosokawa Micron Corporation) and 
was directly injected into the gas as it was, without storing 
it. At that time, the finely pulverized sodium carbonate was 
injected into the exhaust gas in such a state that 1 kg of 
sodium carbonate was dispersed in a draft which generated 
by pulverizer of 50 Nm 3 in a standard state, and the flow rate 
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of the gas stream during the injection was 40 m/sec. Except 
for these conditions, the operation was carried out in the 
same manner as in Example 1. And, visual observation of the 
plume of a purple smoke caused by a sulfuric acid mist 
discharged from the stack 5, and the quantitative analysis of 
the S0 3 component in the fourth flue 9, were carried out and 
evaluated. 



TABLE 8 



Amount of 


Analytical 






sodium 


value of the 




Plume 


carbonate 


S0 3 component Plume length 


concentration 


Nil 


17 ppm 


About 300 m 


(Standard) 


Q& time by mol 


5 ppm 


About 200 m 


About a half of 


ratio 




the standard 


1.6 times by mol 


2 ppm 


Less than 10 m 


Hardly observed 


ratio 








3.2 times by mol 


1 ppm 


Not observed 


Not observed 


ratio 









[0066] According to the present invention, the S0 3 com- 
ponent in the gas and the sulfuric acid mist derived there- 
from can be removed inexpensively, efficiently, simply and 
safely. Accordingly, the purple smoke, etc. of the exhaust gas 
discharged from a boiler, etc., can be suppressed. Further, it 
is significant from the viewpoint of industrial production 
that removal of the S0 3 component is carried out inexpen- 
sively, efficiently, simply and safely also with respect to a 
gas containing such S0 3 component as an impurity, other 
than the exhaust gas. 

[0067] The entire disclosure of Japanese Patent Applica- 
tion No. 2000-145537 filed on May 17, 2000 including 
specification, claims, drawings and summary are incorpo- 
rated herein by reference in its entirety. 



What is claimed is: 

1. A method for treating a gas containing a S0 3 compo- 
nent, which comprises adding a sodium carbonate powder 
having a mean particle diameter of at most 20 /on to the gas 
to remove the S0 3 component from the gas. 

2. The method for treating a gas according to claim 1, 
wherein the sodium carbonate powder is added in an amount 
of from 0.5 to 8 mols per mol of the S0 3 component in the 
gas. 

3. The method for treating a gas according to claim 1, 
wherein together with the sodium carbonate powder, an 
anti-caking agent is added in an amount of from 0.1 to 5 
mass % based on the sodium carbonate powder. 

4. The method for treating a gas according to claim 3, 
wherein the anti-caking agent has a mean particle diameter 
of from 0.005 to 5 fan. 

5. The method for treating a gas according to claim 3, 
wherein the anti-caking agent is fumed silica and/or zeolite. 

6. The method for treating a gas according to claim 1, 
wherein together with the sodium carbonate powder having 
a mean particle diameter of at most 20 /*m, coarse particles 
of sodium carbonate and/or sodium hydrogencarbonate hav- 
ing a mean particle size of more than 20 ^m, are added in an 
amount of from 10 to 50 mass % based on said powder. 

7. The method for treating a gas according to claim 1, 
wherein the gas containing a S0 3 component is one formed 
by combustion of a fuel containing sulfur and is a gas 
containing S0 2 in an amount of at least 500 vol. ppm, and 
the concentration of the S0 3 component in the gas is reduced 
to a level of at most 2 vol. ppm as reduced to S0 3 . 

***** 
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